1. scylloInositol has been identified as a component of locust haemolymph, where it occurs in concentrations of 0-2-0-4mg./ml. 2. A simple method for the identification of 8cylloinositol is described. This has been used to demonstrate the presence of scyUoinositol in five other insect species. 3. Locust phospholipids contain myoinositol but no scyUoinositol. 4. Radioactivity from [14C]glucose is incorporated into myoinositol and 8eylloinositol by the locust in vivo. 5. Extracts of locust fat body catalyse the conversion of myoinositol into seylloinositol. This seems to take place by a two-step process in which myoinositol is first oxidized with NAD+ to myoinosose-2, and the myoinosose-2 is stereospecifically reduced with NADPH to scy1loinositol.
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A number of different carbohydrates have been found in insect haemolymph. Trehalose is quantitatively the most important sugar in many insects (Wyatt & Kalf, 1957; Howden & Kilby, 1956 ) and in addition the presence of glucose, fructose, glycerol, amino sugars and glycogen has been reported (see Wyatt, 1961) . The present paper describes the identification of scylloinositol as a carbohydrate component of locust haemolymph. The synthesis of this compound by extracts of locust fat body has also been studied, and observations related to the possible metabolic importance of 8cyUoinositol are reported.
MATERIALS AND METHODS
Insects. Fifth-instar hoppers of the desert locust Schistocerca gregaria were obtained from the Anti-Locust Research Centre (London, W. 8). Except where otherwise stated the locusts were fed on the artificial diet described by Howden & Hunter-Jones (1958) , supplemented with fresh barley seedlings. Other insect species were obtained from the Department of Zoology, University of Birmingham.
Special chemicals. myoInosose-2 (m.p. was prepared by bacterial oxidation of myoinositol (Posternak, 1962) by using Acetobacter suboxydans N.C.I.B. 7069. A sample of 8cylloinositol was kindly supplied by Professor A. B. Foster, and a further sample was prepared by the sodium borohydride reduction of myoinosose-2 (Reymond, 1957 In some experiments samples (approx. 5 ,ug.) were treated by heating (1000, 10min.) in 0-02ml. of 0-05M-sodium tetraborate before electrophoresis. As discussed below, scy1lo-inositol is characterized by a change in electrophoretic properties when treated in this way. After electrophoresis the papers were dried and treated with hydrogen fluoride in acetone (Britton, 1959) . Detection was by the silver nitrate method of Trevelyan et al. (1950) . Estimation of haemolymph scylloinositol. For each estimation the haemolymph from at least five insects was used (total vol. approx. 0-5ml.) . Haemolymph was withdrawn from the thoracic haemocoel by means of a fine glass capillary, weighed, heated at 100°for 3min., diluted to 2ml. and centrifuged. The residue was washed twice with 2 ml.
portions of water and the supernatants were passed through a small column containing 1 ml. of Amberlite (H+ form) resin and 1 ml. of Dowex 1 (OH-form) resin. The column was then washed with 4ml. of water and the combined effluents were evaporated to dryness under reduced pressure. The residue was taken up in a known volume of water (usually 0-2 ml.) and a series of dilutions of this were made. The seylloinositol content of these solutions was then estimated by an adaptation of the chromatographic method of McFarren, Brand & Rutowski (1951) I8olation of scylloinositol from whole in8ectd. The insect was first homogenized with lOvol. of water, and the homogenate was heated to 1000 for 3min., cooled and filtered.
The ifitrate was deionized by passage through columns containing Amberlite IR-120 (H+ form) and Dowex 1 (OH-form) resins, and examined by paper chromatography with solvent 1. The area on the chromatogram which corresponded to 8cylloinositol was eluted with water. One sample of the eluate was examined by borate electrophoresis, and another sample was first heated in 0-05M-sodium tetraborate (10min., 1000) and then examined by electrophoresis.
Locu8t pho8pholipids. Fifteen adult locusts (2 weeks after final moult, total weight 35g.) were homogenized in chloroform-methanol (1:2, v/v), and the homogenate was treated by the procedure of Bligh & Dyer (1959) to give a chloro. form-soluble fraction. This was evaporated to dryness under reduced pressure, taken up in 2 ml. of chloroform and the phospholipid was precipitated with 10vol. of acetone. The precipitate was hydrolysed in a sealed tube with 2 ml. of 6w-HCI at 1200 for 16hr., and the hydrolysate was deionized [Amberlite IR-120 (H+ form) Radioactivity measurements. Scintillation counting was carried out in a Nuclear-Chicago liquid-scintillation system 725. The toluene scintillator consisted of0-5% (w/v) 2,5-diphenyloxazole and 0-01% 1,4-bis-(5-phenyloxazol-2-yl)benzene in toluene, and the dioxan scintillator was a solution of 10% naphthalene, 0-7% 2,5-diphenyloxazole and 0-03% 1,4-bis-(5-phenyloxazol-2-yl)benzene in dioxan. Radioactivity on paper chromatograms was detected either with a strip scanner (Panax RCMS-2 with scintillation detector) or by radioautography with Kodirex X-ray film. Quantitative measurements of radioactive chromatograms were made by direct scintillation counting (Loftfield & Eigner, 1960) .
Extracs offat body. Adult locusts approx. 3 weeks after the final moult were used. The fat bodies were removed and transferred to ice-cold insect saline (Hoyle, 1953) . Excess of saline was removed by blotting and the fat bodies were Confirmation of the presence of radioactive 8Cylloinositol and myoinositol in the 'deionized hydrolysate' was obtained by chromatography with solvent 1. Radioactive areas corresponding to the two inositols were obtained. The radioactive materials were eluted from the chromatogram and Formation of scylloinoaitol froM myoinositol in extracts of fat body. Table 3 shows that NAD+ is required for 8Cylloinositol synthesis from myoinositol in extracts of locust fat body. No requirement for the other coenzymes tested was observed.
Reduction of myoino8o8e-2 by extract8 of fat body. Fat-body extracts were also found to catalyse the reduction of myoinosose-2 by reduced dinucleotide coenzymes (Table 4 ). The main product with NADH was myoinositol, and with NADPH was 8CyllOinositol. Identification of the reaction products was confirmed by borate electrophoresis.
Enzymic reactions foUowed 8pectrophotometrically. The enzyme-catalysed reactions were followed by observing the oxidation and reduction of NAD and NADP in the spectrophotometer at 340m,u. Table  5 shows the results. Reactions involving oxidation of coenzymes proceeded virtually to completion, but reactions involving coenzyme reduction stopped when only a small proportion of the coenzyme had been reduced. Presumably, at pH 7-9 the equilibrium position ofthe reactions was such that nearly all of the cyclitol substrate was in the reduced form.
DISCUSSION
One point of particular interest in the identification of 8Cylloinositol is its reaction with borate ion.
Most neutral polyhydroxy compounds react reversibly and quickly with borate ions at pH 10 to form a complex, and consequently migrate towards the anode on electrophoresis in borate buffer. 8Cy110-Inositol is exceptional in reacting only very slowly with borate ion at room temperature, so that on borate electrophoresis the bulk of the material is non-migratory. However, 8Cylloinositol will react Table 4 . Reduction of myoino8o8e-2 by fat-body extract8
The reaction mixtures consisted offat-bodyextract (0.25 mg. ofprotein), myoinosose-2 (0-25,umole), tris (3 ,umoles, adjusted to pH7.6 with HCl) and coenzymes as listed (05/,umole) in a volume 1 ml. After incubation for 2hr. at 370 the reaction mixtures were heated to 100°(3min.), centrifuged, and samples of the supernatants were examined by paper chromatography with solvent 1. Estimates of the amounts of material present were obtained by the direct spectrophotometric method (McFarren et al. 1951 ) and the results are expressed as percentages of the total amount of inosose plus inositols. Reaction rate 9 (pH 9) 0 (pH 9) 3-4 (pH 9) 2-1 (pH 9) 130 (pH 7-5) 57 (pH to form a complex if heated with borate, or if allowed to react at room temperature for 24hr. (Weissbach, 1958) . Weissbach proposed that the product of this reaction is 8eylloinositol diborate, but according to Vogl, Anderson & Simons (1966) the compound may be a polymer. This characteristic reaction with borate provides a convenient method for the jdentification of8eylloinositol. First, unlike other inositols and related compounds (Foster, 1962) , it does not migrate on borate electrophoresis; secondly, after heating in borate buffer at pH 10 the product migrates more rapidly (M010 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] than the other inositols.
8eylloInositol has been found in fish tissues, in mammalian urine and in a number of plants (see Posternak, 1965) . The experiments reported in this paper show that it is also present in locust haemolymph and in a number of other insects. It seems therefore that 8cylloinositol is a fairly common constituent of living organisms.
The functions of 8cyUoinositol are still obscure. Hawthorne (1961) has examined the possibility that 8cylloinositol, like myoinositol, could be a constituent of phospholipids. He found that phospholipids from the acom and from the liver of the common ray contained no 8cylloinositol, although both tissues are a source of free 8eylloinositol. The experiments reported here show that locust phospholipids contain considerable quantities of myoinositol but no 8cylloinositol.
In the locust, 8cylloinositol occurs in the haemolymphinfairlyhighconcentrations(0-2-0-4mg./ml.), but in mammals it is not a normal constituent of the blood (Malangeau, 1956) . It is noteworthy that glycerol has been found in insect haemolymph (sometimes in high concentrations) and that another polyol, sorbitol, also occurs in insects (Wyatt, 1961) .
The main haemolymph carbohydrate in many insects is trehalose and this compound too has no reducing group. It may be of importance that all these compounds are chemically fairly unreactive.
For example, reactions between reducing sugars and amino acids are known to occur even at temperatures of about 300 (see Ellis, 1959) , and amino acids are found in insect haemolymph in high concentrations. Gilmour (1965) has suggested that an advantage of trehalose to insects would be its lack of reactivity with amino acids. This advantage would also be possessed by 8Cylloinositol and other haemolymph polyols. In a study of nutritional requirements of the locust Dadd (1961) found that hoppers fed on a myoinositol-free diet showed poor growth, and that few hoppers survived the third instar. The evidence presented here suggests that adult locusts are capable of limited synthesis of inositols: radioactivity was incorporated from [14C]glucose into myoinositol and 8Cylloinositol. The amounts incorporated (0-044% and 0-017% respectively) can be compared with values (0-08-1-4% and 0-0008-0-014% respectively) obtained in similar experiments with the rat (Posternak, Schopfer & Boetsch, 1959) . The results do not exclude the possibility that symbiotic micro-organisms are responsible for inositol synthesis in the locust.
The insect fat body is the site of synthesis of trehalose (Candy & Kilby, 1961) and many other haemolymph components (Kilby, 1965) . It is now shown that fat body can also synthesize 8Cy110-inositol.
The conversion of myoinositol into 8CyUoinositol involves an epimerization at C-2 of the myoinositol. It is proposed that in fat-body extracts this conversion takes place as a two-step process with myoinosose-2 as an intermediate (Scheme 1). The first step is an NAD-linked oxidation of myoinositol catalysed by myoinositol dehydrogenase (myoinositol-NAD oxidoreductase, EC 1.1.1.18). A similar enzyme is involved in the degradation of myoinositol by Aerobacter aerogene8 (Lamner, Jackson, Graves & Stamer, 1956; Berman & Magasanik, 1966 synthesis is an NADP-linked stereospecific reduction of myoinosose-2 to 8Cylloinositol; this is catalysed by 8CyllOinositol dehydrogenase (8cyllo-inositol-NADP oxidoreductase). Radiotracer-incorporation experiments carried out on the rat (Posternak, Schopfer, KaufmannBoetsch & Edwards, 1963 ) and a plant (Scholda, Billek & Hoffman-Ostenhof, 1964) provide evidence that myoinosose-2 is also an intermediate in the interconversion of myoinositol and 8cylloinositol in these tissues. However, the enzymic reactions were not investigated in either system. The reduction of NADP+ by myoinositol in fatbody extracts (Table 5) is not readily explained since the results of Table 3 show that NAD+ is much more effective than NADP+ in stimulating the overall conversion of myoinositol into 8cyUoinositol. One possibility is that the product of myoinositol oxidation by NADP+ may be different from that by NAD+. It is likely that myoinosose-2 is the product of myoinositol oxidation by NAD+ since the reverse reaction is known to take place (Table 4) . Table 5 shows that the initial rates of8eylloinositol and myoinositol oxidation were lower than the rates of myoinosose-2 reduction. A similar effect is shown by reactions catalysed by the myoinositol dehydrogenase from A. aerogene8 (Lamer et al. 1956 ). The effect could be a reflection of the equilibrium position of the reactions (which is in favour of inositol synthesis). It may also be noted that for the A. aerogene8 enzyme the Km values for myoinosose-2 and NADH were lower than the Km values for myoinositol and NAD+.
